SUMMARY Recent studies indicate that right ventricular performance is impaired even in uncomplicated systemic hypertension. Because ofwidespread use ofbeta-blockade in essential hypertension, it is possible that such treatment often further depresses right ventricular contractility. To test this premise, and to evaluate the changes induced by different beta-adrenoceptor blocking agents on the contractility of right ventricular myocardium, 20 patients with essential hypertension were divided into two groups on a double-blind randomised basis, and maintained on oral oxprenolol or propranolol for five weeks. Cardiac catheterisation and right ventricular cineangiography were performed at the beginning and again at the end of the five week period. Right ventricular end-diastolic volume index did not change significantly in either group. In contrast, right ventricular end-systolic volume index increased, and right ventricular ejection fraction significantly decreased after chronic beta-blockade. Cardiac index decreased in both groups, but these changes were not statistically significant.
Recent studies in our laboratory have shown a commonly accepted concept-that right ventricular function is normal in uncomplicated systemic hypertension-to be incorrect. Right ventricular performance diminishes even with early abnormal increases in arterial pressure.' Because systemic hypertension is frequently treated with beta-blockade, it was essential to determine how such treatment affects the integrity of the right heart which is already compromised by the hypertension itself.
The effects of beta-blockade on left ventnrcular per- formance have been extensively investigated. [2] [3] [4] [5] [6] There is a virtually unanimous agreement that one ofthe most commonly used beta antagonists, propranolol, depresses left ventricular contractility.7-9 More controversy, however, surrounds some of the newer experimental beta-adrenergic blocking agents, especially those that propranolol regimens. The study was specifically designed to compare the haemodynamic and right ventricular effects of the two drugs over a prolonged period, to evaluate the changes induced by different beta-blocking drugs on right ventricular volumes and ejection fraction in essential hypertension, and to determine if oxprenolol is truly a lesser cardiac depressant than propranolol.
Methods
Twenty patients with uncomplicated essential hypertension (having outpatient diastolic blood pressures above 100 mmHg and below 125 mmHg) were selected for this study. All gave informed consent, were subsequently randomised into two 10 patient groups, and were then maintained on a five week equipotent oxprenolol or propranolol regimen on a double-blind basis. The design of the study is shown in Fig. 1 , with oxprenolol patients representing group 0, and propranolol patients group P. Right heart cardiac catheterisation which included right ventricular cineangiography was performed before and at the end of the five week beta-blockade. Fig. 1 The design ofthe study. The experimentwas performed in a double-blind manner, so that the composition ofthe two groups therefore occurred only after the stdy was completed, and the drug code became known.
The clinical profiles of the two patient populations were comparable. None of the patients had a history of coronary or cerebrovascular disease, puLmonary disorders, congestive heart failure, or significant valvular or congenital lesions. All subjects were in normal sinus rhythm without any conduction abnormalities. The mean age ofpatients in the oxprenolol group was 49 ± 11 years, and in the propranolol group 54±4 years (p not significant). Age-related changes in response to betablockade24 therefore had little or no effect on the results of this study. Five patients in the oxprenolol group and two patients in the propranolol group had electrocardiographic evidence ofleft ventricular hypertrophy. No other electrocardiographic abnormalities were present in any ofthe patients. Cardiomegaly (defined as a cardiothoracic ratio of 20*50 on a standard posteroanterior chest x-ray film) was absent in all patients.
Some of the patients were receiving antihypertensive drugs; these were stopped at least two weeks before the study. Close monitoring of these patients was instituted after the antihypertensive medications were discontinued in order to detect immediately any potentially dangerous acceleration of hypertension but none occurred. Thus, no patients had to be excluded from the study because the withdrawal of drugs was poorly tolerated, and none was withdrawn because of adverse reactions caused by 'beta-blockade. Moreover, no patients had to be reinstated on the original antihypertensive treatment because the beta-adrenergic antagonists failed effectively to control raised blood pressures.
Oxprenolol or propranolol therapy was started with daily doses of 240 mg divided into three aliquots. Identical initial doses for both beta-adrenergic antagonists were used because it has been shown that oxprenolol is approximately equipotent with propranolol.25 Dosage was subsequently titrated in increments or decrements of 40 mg to achieve the following objectives: resting diastolic blood pressure had to be reduced by at least 10 mmHg, and resting heart rate maintained above 50 beats per minute. All patients fulfilled these criteria without any adverse side effects.
The means ofthree supine blood pressures and heart rates were recorded for all patients at the beginning (the control period), and thereafter at weekly clinic visits until the completion ofthe study. Supine readings were selected because cardiac catheterisation was also performed in the supine position. Right heart cardiac catheterisation and right ventricular cineangiography were performed, with patients fasting but without sedation, before drug therapy was started and again after the completion of the five week beta-blockade. Cardiac output and pressure data were collected before the right ventriculograms. Cardiac output (CO) was determined with the Lyons indocyanine green indicator-dilution computer by averaging four sequential measurements. All pressures-arterial ( Chest x-ray films (posteroanterior and lateral) and electrocardiograms were obtained before and after beta-blockade. Blood samples for plasma renin activity were collected from all patients just before each cardiac catheterisation. All subjects were kept on their normal sodium diets, and were, instructed to stand for three hours before their blood was drawn for the plasma renin activity determination. Plasma renin activity was measured by radioimmunoassay27 (Bio-Science Laboratories). Two blood samples for plasma oxprenolol or propranolol concentration were drawn during the second cardiac catheterisation. The first sample was collected 90 minutes from the time of drug ingestion, and the second sample 30 minutes later. This timing for the blood collection was selected because it has been shown that the peak effect of orally administered propranolol occurs between 90 and 120 minutes after the ingestion of the drug, [28] [29] [30] and that the plasma half-life of oxprenolol resembles that of propranolol.3'32 The blood sample collections took place concurrently with the measurements of haemodynamic indices. Plasma oxprenolol levels were determined by gas-liquid chromatography33 (Ciba-Geigy), and plasma propranolol levels by high pressure liquid chromatography34 (Bio-Science Laboratories). The results of the first and second blood sample obtained during the second cardiac catheterisation were combined and averaged. Arterial and central venous blood samples for the arterial-venous oxygen difference calculations were drawn just before the measurement of cardiac output.
All data were analysed with the two-tailed Student's t test.33 The t test for the non-paired variables was used when comparing inter-group oxprenolol and propranolol differences, while the data comparing values before and after beta-blockade within a single group were analysed with the t test for paired variables.
Results
All outpatient blood pressure readings taken at the end of the five week beta-blockade with either drug were significantly lower in comparison with the control values, the difference between the two sets of values achieving a statistical significance with both drugs. The pretreatment outpatient systolic and diastolic blood pressures were 168+15 and 109+8 mmHg for oxprenolol, and 164±14 and 105±6 mmHg for propranolol. After five weeks on the respective beta-antagonist, the oxprenolol group reduced its systolic and diastolic blood pressures to 144±15 and 91 ±11 mmHg, and the propranolol group to 139±11 and 87±5 mmHg. All intragroup reductions in systolic and diastolic blood pressures were highly significant (p<O0O1). Concomitantly, no statistically significant changes between oxprenolol or propranolol groups were detected neither at the beginning of the study, nor at the end of the beta-blockade. The supine decreases in the outpatient heart rates were also greatly lowered (p<001) by both drugs (from 80±6 to 59±5 beats/min with oxprenolol, and from 85±8 to 60±5 beats/min with propranolol), and the intergroup comparison again showed no difference between oxprenolol and prop. nolol.
The complete haemodynamic data obtained before and again at the end of the five week beta-blockade are given in Fig. 2 and 3 . In contrast to a distinct decrease in systolic and diastolic blood pressure obtained on an outpatient basis after beta-blockade, the intra-arterial systolic, diastolic, and mean pressures recorded during cardiac catheterisation were lowered only slightly and insignificantly. The heart rate, however, was maintained at a much lower level (p<O O1) during the second cardiac catheterisation with either oxprenolol or propranolol. All right-sided pressures remained essentially unchanged after beta-blockade, so did the pulmonary and systemic vascular resistances. Cardiac index decreased with both drugs, but the decrease was less with oxprenolol than with propranolol. These changes, however, were not statistically significant. Moreover, the values of all variables depicted in Fig. 2 and 3 were not significantly different when oxprenolol and propranolol groups were compared with each other during the first, and again during the second cardiac catheterisation.
The arterial-venous oxygen difference, while unchanged after oxprenolol administration, was significantly higher after propranolol (p<0-04) (Fig. 4) . Cardiothoracic ratio increased slightly, but significantly, after beta-blockade with both drugs. Not unexpectedly, the plasma renin activity was lowered substantially by both beta-blocking agents (p<O0Ol), and by approximately equal margins. The administered oral doses ofoxprenolol and propranolol were 418±155 and 440±129 mg/day, respectively (p not significant). Though both oral agents produced substantial plasma concentrations, the absolute level ofplasma oxprenolol was almost five times as high as that of propranolol (1021±393 versus 244±210 ng/ml, respectively, p<O0O1).
Right ventricular volumetric analysis is presented in Fig. 5 . The right ventricular end-diastolicvolumeindex did not change appreciably in either the oxprenolol or the propranolol group. In contrast, the rightventricular end-systolic volume index rose signicantly after betablockade with both drugs, causing a decrease in the right ventricular ejection fraction from 59+8 to 52+12% after oxprenolol, and from 59+5 to 54+7% after propranolol administration (p<0 02 for both groups). No Both oxprenolol and propranolol had a distinct antihypertensive effect when administered to subjects on an outpatient basis. Yet this substantial antihypertensive response was not maintained when the patients were brought to the cardiac catheterisation laboratory for a repeat examination.49 Numerous mechanisms have been evoked to explain why beta-blockers lower high blood pressures. Among these are the negative inotropic effect which lowers the cardiac output, the resetting of baroreceptors, an effect mediated through the central nervous system, a decrease in renin output, a reduction in venous return or plasma volume,25 and a myogenic response of the arteriolar wall to decreased blood flow. Wo While some (or most) ofthese mechanisms may account for the decrease in blood pressure that was observed in our subjects on the outpatient basis, they failed to maintain their antihypertensive effects when the patients were subjected to the stress of the repeat cardiac catheterisation. In contrast to the heart rates which continued to be significantly lower during the entire second haemodynamic study, the systolic, diastolic, and mean intra-arterial pressures rose to levels that were virtually identical to those observed during the first catheterisation. Thus significant stress can almost eliminate the antihypertensive effect of betablockade, but it cannot overcome its negative chronotropic effect. Similar findings were observed during our earlier study with a different beta-blocking agent,5' and were recently confirmed in a report by WaalManning.52
Both oxprenolol and propranolol conspicuously lowered the plasma renin activity after five weeks of beta-blockade, but no correlation was found between the antihypertensive effect of the two beta-blockers at cardiac catheterisation and the degree of renin suppression.
The oral doses of oxprenolol and propranolol were almost identical and the haemodynamic and volumetric effects priuced by each drug were similar. Yet, the plasma level ofoxprenolol was almost five times as high as that of propranolol. This large difference in plasma levels between the two drugs is probably the result of different pharmacokinetics. While propranolol undergoes extensive presystemic metabolism by the liver (the "first pass effect"), oxprenolol is almost completely devoid of first pass elimination.53 Furthermore, the Bio-Science assay for propranolol34 does not measure active propranolol metabolites, while the Ciba-Geigy assay for oxprenolol33 does. An active metabolite of propranolol, 4-hydroxypropranolol, was therefore not measured in this study. It is, however, equipotent to propranolol, and can achieve approximately the same circulating concentrations as the parent drug shortly after an oral dose, with effects which are added to those ofpropranolol.54 A simple comparison between plasma levels of oxprenolol and propranolol by the assays employed in this study can therefore not be used as an index of the bioavailability of the two drugs, or as a predictor of the cardiovascular potency of oxprenolol versus propranolol.
Ventricular ejection fraction is one of the most sensitive indices of cardiac function. In evaluating the changes induced by oxprenolol and propranolol on right ventricular performance, the volumetric right ventricular analysis-which yields ejection fraction for the two groups-was of major importance, and is the cornerstone ofthis study. Both beta-blockers adversely affected right ventricular function of hypertensive patients by significantly decreasing the right ventricular ejection fraction. Oxprenolol produced a similar degree of depression of right ventricular contractility as propranolol, and therefore cannot be considered to have substantially less negative inotropic properties than propranolol. The intrinsic sympathomimetic activity of oxprenolol must therefore be relatively weak.
This study, therefore, shows that in hypertensive patients the right ventricular contractility is clearly diminished after the institution of beta-blockade with two agents-an effect that has until now been thought to be limited to the left side of the heart. Great caution must therefore be exercised when beta-blockade is initiated in patients with conspicuously abnormal right ventricular function, because frank right ventricular decompensation may result. If overt right ventricular decompensation is already present the administration of beta-blocking drugs should probably be avoided.
